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Robust H2 observer design for actuator degradation: Application to
suspension system.
Manh-Hung Do, Damien Koenig, and Didier Theilliol
Abstract— The main contribution of paper is a robust H2
observer design to estimate the actuator degradation under the
influence of disturbances and parametric uncertainty. In this
design, the observer conception, base on the H2 frequency-
shaping filter and theorem of Parseval, allows estimating the
polynomial form of degradation while coping with system
uncertainty. Moreover, the usage of proposed method also relax
the condition for unknown input (UI) observer or the min-
max optimization in linear matrix inequality (LMI) for the dis-
turbance impact attenuation, which facilitates observer design
for engineers. Finally, an application to suspension system is
presented to illustrate the performance of the proposed method.
Index Terms— Actuator degradation, Health maintenance,
Observer design, Linear Time Invariant (LTI) System,
Frequency-shaping.
I. INTRODUCTION
For the sake of ensuring the long-term normal behavior
of a system, the health maintenance has played an important
role in both research and industry [1] as it allows not only
predicting the remaining usefull life but also preventing the
failure that result in serious accidents for users. Thanks to
work of [2] and [3], the degradation of components during
the system operation can be presented as a polynomial of
operating cycle, which grows through its time life and the fre-
quency of exogenous disturbance. For the suspension system,
some studies such as [4] also gave the similar experimental
results for behavior of damping coefficient or the spring
stiffness under the influence of road profile. However, the
identification for polynomial coefficient requires numerous
data to obtain acceptable estimation result [5], which was
not effective for a real-time estimation and in case that the
parametric uncertainty exists.
Besides, due to the fact that the degradation also gen-
erated the system malfunctions, it can be considered as
an fault manipulating state or output behavior. Therefore,
numerous methods in fault diagnosis and estimation can
be applied to deal with the uncertainty and disturbance.
In term of fault estimation, authors in [6] has introduced
the polynomial fault where proportional multiple-integral
observer was implemented; but this polynomial estimation
could not illustrate the correlation between the frequency
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of perturbation and the fault itself. Nevertheless, the de-
coupling condition for unknown input (UI) observer was
also restrictive for application. In work of [7], authors have
developed a fast estimation method for suspension system
by using the H∞ synthesis. However, the fault derivative
needs to be bounded and the estimation error converges only
to a nonzero-bounded region, which could not describe the
time-growing development of degradation. Furthermore, the
min-max H∞ synthesis does not always give an optimal
optimization of disturbance impact on fault estimation error,
which is mainly dependent of perturbation characteristics.
To deal with the uncertainty, [8] and [9] have presented a
robust interval observer where uncertainty is modelled in a
deterministic bounded context and its effect to estimation
error is minimized by H∞ synthesis; however, this method
only allows determining the varying zone of fault but not
its real value. In [10], the parametric uncertainty of vehicle
suspension is also considered as a disturbance and fault can
be estimated by the implementation of H∞ proportional-
integral (PI) observer. Moreover, to improve the disturbance
attenuation, authors in [11] also proposed un robust H∞ PI
observer, where the robustness against parametric uncertainty
has been relaxed in LMI optimization by using the majo-
ration lemma. Although the 2 above works for suspension
have proven its performance, the assumption of slow-varying
make it difficult to apply for an actuator degradation.
Therefore, author’s method is proposed to overcome above
weaknesses with the following contributions:
• A new form for polynomial fault which consider the
disturbance effect on its coefficients.
• An alternative method to attenuating the disturbance im-
pact on estimation error, which loosens up the existing
constraints in UI observer or LMI optimization problem.
That promotes a robust observer design against system
uncertainty which is based on frequency-shaping filter
and majoration lemma.
An application of vehicle suspension model is also illus-
trated in this study. In which, the proposed observer promotes
a robust estimation of actuator degradation while dealing
with the influence of disturbance and uncertainty in the
spring stiffness.
The paper is organized as follows. Firstly, the system
representation and paper methodology are presented in Sec-
tion 2. Next, section 3 demonstrates in details the robust
observer design for the degradation estimation . Then, an
application to the semi-active suspension with the corre-
sponding frequency analysis is then illustrated in Section
4 to demonstrate the performance of the proposed method.
Finally, the conclusion with future work is presented in
Section 5.
Notations: Rn represents the n-dimensional Euclidean
space; XT is the transpose of the matrix X; 0 and I de-
note respectively zeros and identity matrix with appropriate
dimensions; the symbol (∗) denotes the transposed block in
the symmetric position; X† is the pseudo-inverse matrix of
X which satisfies that XX†X = X ; f (s) is the sth derivative of
function f ; the symbol (∗) denotes the transposed block in
the symmetric position; h∗(x) = h
T
(−x) is the complex conjugate
transpose of signal h(x); and we denote He{A}= A+AT .
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